Purpose To describe the results of 125 I plaque brachytherapy of uveal melanomas anterior to the equator in terms of local control and the associated complications while trying to identify their risk factors (patients' demographic data, ocular, and tumour characteristics). Results During the study period, 136 patients were treated for an anterior tumour. The median follow-up was 62 months. The overall 5-year survival rate was 88.3%, the 5-year metastasis rate was 4% and the local recurrence rate was 1.5%. The mean final visual acuity was 20/40. The ocular complications most frequently observed at 5 years were cataract (50.3%), maculopathy (18.3%), intraocular inflammation (19.3%), and glaucoma (10.6%). Optic neuropathy, retinal detachment, keratitis, and intravitreous haemorrhage were also described. Risk factors for worse survival were age greater than 65 years and initial tumour thickness greater than 4 mm. Risk factors for the development of cataract were age more than 65 years old, male gender, and tumour diameter of more than 10 mm. Risk factors for intraocular inflammation were tumour thickness of more than 4 mm and invasion of the ciliary body. Conclusions The use of 125 I plaque brachytherapy to treat melanomas situated anterior to the equator allows good local and systemic control with a low rate of macular and optic disc complications. The most frequent complication was cataract formation.
I plaque brachytherapy of uveal melanomas anterior to the equator in terms of local control and the associated complications while trying to identify their risk factors (patients' demographic data, ocular, and tumour characteristics). Methods Retrospective analysis of a series of patients treated by 125 I between 1990 and 2000 in a single institution. The main outcome measures are evaluation of local tumour control and complications associated with 125 I plaque brachytherapy of these melanomas. Results During the study period, 136 patients were treated for an anterior tumour. The median follow-up was 62 months. The overall 5-year survival rate was 88.3%, the 5-year metastasis rate was 4% and the local recurrence rate was 1.5%. The mean final visual acuity was 20/40. The ocular complications most frequently observed at 5 years were cataract (50.3%), maculopathy (18.3%), intraocular inflammation (19.3%), and glaucoma (10.6%). Optic neuropathy, retinal detachment, keratitis, and intravitreous haemorrhage were also described. Risk factors for worse survival were age greater than 65 years and initial tumour thickness greater than 4 mm. Risk factors for the development of cataract were age more than 65 years old, male gender, and tumour diameter of more than 10 mm. Risk factors for intraocular inflammation were tumour thickness of more than 4 mm and invasion of the ciliary body. Conclusions The use of 125 I plaque brachytherapy to treat melanomas situated anterior to the equator allows good local and systemic control with a low rate of macular and optic disc complications. The most frequent complication was cataract formation.
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Introduction
It seems now clearly established that the treatment modality used for choroidal melanoma (enucleation or 125 I brachytherapy) does not affect the short-term overall survival. 1 Radiotherapy is one of the various treatment options for small-to medium-sized choroidal melanomas and allows preservation of the eye and a certain residual visual function, particularly when irradiation spares the macula and optic disc. Brachytherapy is one of the irradiation techniques that can be used for the treatment of choroidal melanoma. The radioisotopes most frequently used are 125 I and ruthenium 106.
Most published series on 125 I plaque brachytherapy report the results of treatment without always taking into account the site of the tumour in relation to the equator 2, 3 or by providing more detailed results for the treatment of posterior lesions due to the high rate of macular and optic disc complications. 4, 5 We decided to analyse the results of 125 I plaque brachytherapy on a large patient series, when this technique was used for the treatment of choroidal or ciliochoroidal melanoma situated anterior to the equator.
Materials and methods
This retrospective study reviewed patients treated by 125 I plaque brachytherapy for uveal melanoma anterior to the equator, between January 1990 and December 2000 in a single institution. Patients with iris melanoma, hepatic metastases at the time of diagnosis and patients treated for relapse of a previously treated lesion were excluded.
I plaque brachytherapy and proton beam therapy in our institution depended on the size and site of the tumour. Brachytherapy is used for tumours whose posterior margin is anterior to the equator and of 18 mm or less in largest diameter. Posterior tumours are usually treated by proton beam. A general assessment with hepatic ultrasonography and chest X-ray looking for metastatic diseases was performed in every case. Data concerning demographic (patient's age, gender) ocular (side, iris colour, and visual acuity) and initial tumour characteristics (tumour diameter, thickness, presence of retinal detachment, or a lesion involving the ciliary body) were collected for all patients.
125
I plaque brachytherapy 125 I plaques were inserted under local or general anaesthesia. After disinsertion of the conjunctiva, the oculomotor muscles were retracted with silk stay sutures and the tumour was visualised by transillumination. The base of the tumour was covered by the plaque, whose diameter was calculated in order to cover the tumour with a circumferential safety margin of 2 mm. Plaques with a diameter of 12, 14, 16, 18, or 20 mm were available. The application time was calculated to deliver a total dose of 90 Gy to the tumour apex. This time varies as a function of tumour thickness, plaque diameter, and iodine grain radioactivity. For all lesions less than 5 mm thick, the dose was calculated to deliver 90 Gy at 5 mm, due to the error associated with dosimetric estimations for treatment depths less than 5 mm. The plaque was left in place for the duration determined by preoperative dosimetry and was then removed under local anaesthesia.
Follow-up
Follow-up comprised ophthalmologic examination 1 month after irradiation, then every 6 months in our institute, with an intermediate examination performed by the local ophthalmologist. A functional assessment was performed annually (with visual acuity, systematic search for complications associated with irradiation, such as cataract, raised intraocular pressure, keratitis or dry eye syndrome, and intraocular inflammation). The presence or absence of maculopathy or optic neuropathy was also investigated and was confirmed by fluorescein angiography, whenever possible. All these data were then entered into a database for computerised data analysis.
Tumour staging consisted of abdominal ultrasonography every 6 months and annual chest X-ray. The objective of the study was to evaluate the efficacy of this treatment on local and systemic tumour control, as well as the associated complications when the lesion was situated anterior to the equator.
Statistical methodology
The w 2 test was used to compare percentages and a Student test was used to compare means. A difference was considered to be significant for Po0.05.
A methodology adapted to survival data was used to study mortality and the local and distant recurrence rate. Survival rates were calculated from the first day of treatment, corresponding to insertion of the plaque until the date of the event considered (death, local relapse, metastases).
Survival curves (overall, metastasis free) were estimated by the Kaplan-Meier method. The log-rank test was used to compare survival distributions according to the various prognostic parameters.
Results
During the study period, 136 patients were treated by 125 I plaque brachytherapy for choroidal or ciliochoroidal melanoma anterior to the equator.
This group comprised 45 men (33.1%) and 91 women (66.9%) with a median age of 65 years, a mean age of 61 years (range: 23-91 years) and a median follow-up of 62 months (range: 13-128 months).
The tumour was situated in the right eye in 67 cases (49.3%) and in the left eye in 69 cases (50.7%). Tumour characteristics are summarised in Table 1 ; tumour dimensions are available for all patients.
The median dose delivered to the tumour apex was 101 Gy, with a mean of 112 Gy (range: 60-221 Gy). The dose was delivered over a mean duration of 6 days and at an average rate of 87.5 cGy/h (the dose rate and dose delivered to the apex were relatively high due to the doses delivered to the apex of small tumours, considered to be 5 mm thick).
The mean visual acuity at diagnosis was 20/50. At the end of follow-up, 121 patients (89%) were alive and 15 (11%) had died.
Death was due to metastatic melanoma for five patients (33.3%), the diagnosis of metastasis having been realised after liver and general investigations for all and in some cases liver biopsies; a second cancer for one patient (6.7%), intercurrent disease in four cases (26.7%) 125 I plaque brachytherapy for anterior uveal melanomas L Lumbroso-Le Rouic et al 912
and an undetermined cause in five cases (33.3%). In these last cases, the only information available was the confirmation of the death by the civil registry office with no data on the status of patient at the moment of the death.
In all, 116 (95.9%) of the patients alive at the end of follow-up were disease free, but two presented systemic metastases. Three patients (2.5%) were lost to follow-up.
Metastatic disease was observed for a total of eight patients (5.9%) and involved the liver in every case. Recurrence of the ocular tumour was observed in two patients (1.5%). Secondary enucleation for complications of radiotherapy had to be performed for two patients (1.5%).
The overall survival was 93.8% (72.1%) at 2 years and 88.3% (73.1%) at 5 years ( Figure 1) . The metastasis-free interval was 98.3% (71.1%) at 2 years and 96% (71.3%) at 5 years.
Functional assessments showed a mean visual acuity of 20/40 at the last follow-up. The ocular complications observed were: cataract, glaucoma, keratitis, inflammation, retinal detachment, maculopathy, and optic neuropathy, presented in Table 2 .
Risk factors for overall survival on univariate analysis were age greater than 65 years and initial tumour thickness greater than 4 mm (Figure 1 ), while involvement of the ciliary body was not identified as a significant risk factor.
No risk factor for metastases was identified, but this could be related to the very low event rate. Risk factors for cataract, glaucoma, and intraocular inflammation, the complications most frequently observed, were also investigated. Risk factors for cataract were the patient's gender and age and tumour diameter.
Statistical analysis of risk factors for glaucoma only identified gender, while the risk factors for intraocular inflammation were tumour thickness and ciliary body invasion (Figures 2 and 3 ).
Discussion
125
I plaque brachytherapy is a standard conservative management for uveal melanoma. 1 Our study confirms the good results in terms of local control of this technique for the treatment of lesions anterior to the equator, and provides a more detailed analysis of the complications of this treatment. However, interpretation of the results of this series must take into account the selection bias of patients treated by radioactive plaque in our institute, as this treatment was only proposed for relatively small tumours. Larger lesions are often treated by proton beam radiotherapy. A female predominance was also observed while these tumours usually present a homogeneous sex distribution. 1 The overall survival in our series was 89% at the end of follow-up, with a 5-year survival of 88.3%; 33.3% of deaths were directly attributable to melanoma.
In the COMS study (report 18, 2001), the overall 5-year survival rate was 82% in the brachytherapy arm, with no significant difference compared to patients treated by enucleation.
1 About one-half of these deaths were attributable to melanoma, which is much higher than the 33.3% of deaths attributable to melanoma in our study. This can be partly explained by the problem of the definitive diagnosis of the cause of death, and the number of patients in whom the cause of death was not determined in our series (close to one-third). On the other hand, in the COMS protocol, special efforts were made to obtain all reports to establish the status of the patient at death. The metastasis rate in our series was very low, but these results may have been biased by the relatively smaller dimensions of the anterior lesions treated. The most striking result compared to other studies is the relatively low local recurrence rate, which was only 1.5% in our series. Char et al 6 reported a local recurrence rate of 13.3% in their series of lesions treated by radioactive iodine compared to a recurrence rate of zero for lesions treated by helium ions. In the recent COMS study, 12% of patients required enucleation because of recurrence or complications, although the enucleation rate related to each cause was not specified. 1 Wilson and Hungerford 7 reported a local recurrence rate of 5% in their study comparing the results of lesions treated by 125 I, ruthenium or proton beam therapy, and demonstrated a comparable efficacy between proton beam and 125 I, while a higher local recurrence rate (10.7%) was observed with ruthenium. In another study by Fontanesi et al, 8 the authors reported a local recurrence rate of 5.6%. These results are nevertheless much better than those observed after treatment with ruthenium with a long-term recurrence rate of 36.8% in a recent study by Lommatschz et al. 9 All these data are summarised in Table 3 . Several possible explanations can be proposed for this low recurrence rate of anterior tumours. First of all, in our series 125 I plaque brachytherapy is preferentially used in small tumours. Their anterior position allows transillumination with good visualisation of tumour margins and episcleral positioning of the plaque is not modified, in contrast with posterior lesions. 10 The radioisotope used may also have played a role, as in the study by Wilson and the long-term results I and iridium). In our study, the theoretical dose delivered to the tumour apex was 90 Gy with a median dose effectively received of 101 Gy, which was higher than the dose effectively received reported in other studies, as other teams use doses to the apex ranging between 70 and 75 Gy. 3, 6, 8 The influence of the dose to the apex has also been identified as a risk factor in a subsequent study by Quivey et al.
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Functional results/ocular complications The final visual acuity was excellent in the population of anterior melanomas. In the COMS study, in a series of tumours with identical characteristics, but which were essentially situated at or posterior to the equator, 31% of patients retained a visual acuity greater than 20/40 3 years after treatment, and the median visual acuity at 3 years was 20/125, that is, much lower than that observed in our study, but they treated lesions anterior and posterior to the equator and this may explain for the difference of visual outcome as well as the length of follow-up. 13 The risk factors for severe loss of visual acuity identified in this study were a history of diabetes, initial tumour thickness, mushroom shape, tumour situated close to the macula and serous macular detachment, but this study did not distinguish the various complications possibly responsible for this loss of visual acuity. Post-treatment complications were frequent in our series, but they nevertheless allowed preservation of satisfactory visual acuity. Other studies have demonstrated a difference in functional results according to the site of the tumour. Finger, 14 who compared two different tumour sites (anterior and posterior), did not observe any macular complications, apart from one case of cystoid macular oedema, in contrast with our study. However, the median follow-up in Finger's study was shorter than in our study and the posterior complication rate may have been higher with longer follow-up. In their study reporting all cases of melanoma of the ciliary body treated by brachytherapy, regardless of the isotope used, the posterior segment complication rate was 5% for maculopathy and 3% for optic neuropathy. 11 In our series, a number of patients developed maculopathy (18.3%) or optic neuropathy (3.6%), mostly detected by fluorescein angiography, despite treatment of anterior lesions. The mechanisms leading to cystoid macular oedema are unclear, but could be related to the coexistence of other factors, such as chronic inflammation that is frequently present.
All these findings could support the hypothesis that several factors may be involved in the development of chronic macular and optic disc lesions, as well as the direct effects of irradiation of the retina and optic disc.
Cataract
Finger 14 reported a cataract rate of almost 85% in their patients treated for an anterior tumour (with tumour characteristics identical to those of our series) vs 17% for posterior lesions, but he used another radioisotope, palladium. In our study, 50% of patients presented a cataract at 5 years. In the study by Fontanesi et al, 8 the cataract rate was lower for lesions posterior to the equator and the time to onset after treatment was several months longer. Quivey reported a cataract rate of 14% for posterior lesions. 3 
Conclusion
Despite the limitations of a retrospective study, our results confirm that 125 I plaque brachytherapy of uveal melanomas is a very effective technique for tumour control and is associated with a very low complication rate when the lesion is situated anterior to the equator. However, macular lesions were observed, but can probably not be attributed to irradiation alone.
